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I ntroduction

This paper describes preliminary work with the LRD during our tenure at the Census Bureau as
participants in the ASA/NSF/Census Research Program.® The objective of the work described
here were two-fold. First, we wanted to examine the suitableness of these data for the
caculation of plant-leve productivity indexes, following procedures typically implemented with
time seriesdata. Second, we wanted to sdlect asmal number of 2-digit industry groups thet
would be well suited to the estimation of production functions and systems of factor share
equations and factor demand forecasting equations with syslem-wide techniques. This
description of our initid work may be useful to other researchers who are interested in the LRD
for the analysis of productivity growth and/or the estimation of systems of factor equations,

because the specific results reported in this memo suggest that the data are of good quality, or

1 Dhrymes served as an ASA/NSF/Census Research Fellow on a half-time basis during the 1988-89
academic year, and on amore limited basis during the 1989-90 academic year. Moeller served full-time as his
ASA/NSF/Census Research Associate. We are indebted Harold Watts for recommending that we work with
the LRD, and toto the Census Bureau's Statistical Research Division (SRD), which housed the
ASA/NSF/Census Research Program, for their support and hospitality. We would particularly like to
acknowledge the extraordinary computer support provided by Neal Bross and Chris Dyke of the SRD.

The empirical work described here was completed during the first year of our tenure at the Census Bureau.
Unfortunately, time constraints prevented us from documenting our preliminary empirical work during the
period of our formal participation in the ASA/NSF/Census Research Program. We are indebted to the
Division of Productivity Research, in the Bureau of Labor Statistics' Office of Productivity and Technology,
for permitting Moeller to spend part of her research time drafting this report and for storing computer output
that was generated during the course of the project.



because the nature of the tasks undertaken provides ingght into issues that arise in the analysi's

of longitudind establishment data.

Two sets of results reported in this paper are especidly noteworthy for the purposes of
conventiond index number caculations, of the sort that the Bureau of Labor Statistics employs
to measure growth in multifactor productivity. First, asdiscussed in Sections| and 1V below,
year-to-year changes in the population of plants within atwo-digit industry are often quite amdl,
averaging 1-3% of dl plant-year observations among the industries that we studied. Plantswith
250 or more employees are cartainty casesin the Annua Survey of Manufactures and the
Census of Manufactures, which collect the origina microdata. The measurement error

associated with these observations congsts entirdly of non-sampling error.2 Thus these large

2 The formula for the variance of a population mean for the variable y, when estimated with data from a
stratified sample, is asfollows:

V'ys = (UN) &Ny Ny —ni (S/nn), where N isthe size of the population;
Ny isthe size of the population in stratumh;
n,isthe size of the samplein stratumh;
S/2isthe population variance in stratumh;
Ny — n,, = 0 for certainty cases, and
h=1,...L.

Thisformulaisfrom W. G. Corcoran (1977), Sampling Technigues, Third Edition, New Y ork: John Wiley,
Chapters 5 and 5A.




plant data are the mogt reliable component of growth rate estimates based on the published

industry time series3

A second result that is particularly important for index number caculations, discussed in Section
V, isthefeashility of congructing plant-specific capitad stock estimates according to the
perpetud inventory gpproach, following asmplified verson of the the approach followed by the
BLS. Data on building investment proved too “lumpy” to permit the congtruction of separate
capital stock estimates for plant and equipment.# However digributions of the plant-stock
estimates for tota capital stock were quite skewed, and consistent with the distributions of

employment, vaue added, and shipments.

For the purposes of estimating the parameters of systems of factor share equations, which might
inturn be used to congruct index number weights, the fact that imputation rates are low among
observations on plants with 250 or more employees, as discussed in section |C below, is

particularly noteworthy. Measurement error can affect al estimated parameters when system-

3 Repeated observations on individual units of analysisimprove the efficiency of estimated changes for the
population as awhole because they decrease the share of the estimated change that is attributable to
sampling variation. See Corcoran (1977), cited above, especialy p. 353.

4 |n future work it might prove worthwhile to to estimate a smoothed plant-specific building stock series,
perhaps by applying discrete categorical variable estimation procedures such as Tobit or probit to merged
plant- and company-level data, recognizing that “ bricks-and-mortar” investment investment decisions often
are not taken at the plant level. Unfortunately such a project was well beyond the scope of our initial work.



wide techniques are employed. However true production function vaues are likely to vary
systematicadly across sample srata, and when thisis so the estimation of stratum-specific
parameter estimates may beindicated. Thusthe use of system-wide estimation techniques with
large plant data, in combination with the gpplication of Smpler econometric techniquesto

samples drawn from other dratain the population, might yied particularly efficient estimates>

Given the two goas listed above, and having undertaken the prdiminary data analys's described
bel ow, we decided to work with LRD microdata from manufacturing plants with 250 or more
employees whose primary product codes fell within mgor industry groups 35 (machinery
except eectricd), 36 (electrical machinery) or 38 (fine instruments) over the time period 1972-
1986. Plants with 250 or more employees accounted for 80% of the totd vaue of annua

shipmentsin these industries over the period examined.

5 Subsequent results from the estimation of systems of factor share equations derived from production and
cost functions with these data, for the Cobb-Douglas, Constant Elasticity of Substitution and Translog
functional forms, are presented in Phoebus J. Dhrymes (1990), "The Structure of Production Technology:
Evidence from the LED Samplel," Bureau of the Census 1990 Annual Research Conference Proceedings, pp.
197-293. That paper reveals some inconsistencies between parameter estimates derived from cost functions
and those derived from production functions. The results reported here suggest that these inconsistencies
probably are not attributable to errorsin the microdata. Additional substantive results based on these data
arereported in LindaMoeller (1989), "On the Estimation of Systems of Long-Run Factor Demands,”
presented at a seminar of the Center for Economic Studies; Dhrymes (1991), " The Structure of Production
Technology: Productivity and Aggregation Effects,” Center for Economic Studies Discussion Paper CES
91-5, Eric J. Bartlesman and Phoebus J. Dhrymes (1992), "Productivity Dynamics. U. S. Manufacturing
Plants, 1972-1986," Center for Economic Studies Discussion Paper CES 92-1; Modller (1993), "Large
Machinery Plants' Demands for Factors of Production," presented at the Annual Conference of the Western
Economic Society International in Reno, Nevada; and Moeller (1995), Systems of Factor Demand Equations
Derived from a Model of Monopolistic Competition: Resultsfrom Time Series Cross Section Data, Ann
Arbor: University Microfilms.




The baance of the paper is organized chronologicdly, to reflect the decision-making process
followed. Information reported by researchers with prior experience with the LRD, which led
to the decison to work exclusively with data from large establishments, is summarized in Section
|. Resultsfrom afird set of extracts that contained asmdl number of variables from al large
manufacturing establishments are reported in Sections 11-1V. Section 11 focuses on the
compostiond stability of 2- and 3-digit industry groups over the period 1972-1986: graphica
evidence on the gability of large plants sharesin total shipments by 2- and 3-digit indudry is
described, asis graphica evidence on the sability of sub-industry shares among large plants.
Detailed published results on imputation rates by 4-digit industry group are discussed in Section
[, for selected 2-digit indudries. Information on the frequency with which plants moved out of
sdlected 2-digit industry groups, and on the duration of these spells within a given industry and
Sze caegory, ispresented in Section IV.  Counts of the number of observations available
annudly within sglected 2-digit indudtries and 3-digit sub-industries are aso reported in Section

V.

Additional start-up tasks are described in Sections V and VI. Different industry price indexes

that might be used to convert nomind vaues to "congtant dollars” the construction of




establishment-specific investment deflators, and the caculation of value added are reviewed
briefly in Section V. Egimation of the red vaue of establishment-specific stocks of plant and
equipment according to the "perpetud inventory technique’ is described in Section VI.
Digtributions of these capital stock estimates are compared with distributions of total
employment, the total value of shipments, and value added. The paper is summarized in

Section VII.



Prior Reaults. Relative Importance, Continuity, and Imputation

The microdata examined in this study were origindly collected for the Annud Survey of
Manufactures (ASM) and the Quinquennia Census of Manufactures (CM).6 Annua microdata
from the period 1972-1981 and Census microdata from the years 1963, 1967, 1972, 1977
and 1982 were assembled into the Longitudinal Establishment Data file by Nancy and Richard
Ruggles of Yde Universty, in ajoint project with the Census Bureau.  Thisfile has been
extended to incorporate microdata from subsequent surveys and censuses, and renamed the
Longitudind Research Datafile (LRD) in order to emphasize the fact that the data set has been

assembled primarily for economic research.”

6 The materials discussed in Section 1 were provided to Moeller by James Monahan, formerly of the
Census Bureau's Center for Economic Studies (CES) , in response to her initial inquiries about the LRD.
Mr. Mohanan was an inval uable source of information about the LRD, and we are grateful to him for his
advice. We areindebted to CES Chief Dr. Bob M cGuckin, Assistant Chief Bob Bechtold, and the CES for
their assistance and encouragement. Moeller also thanks the Office of Tax Policy of the New Y ork City
Department of Finance for supporting some of thisinitial work.

7 A conciseintroductory description of the LRD is provided in Robert H. McGuckin and George A. Pascoe,
Jr. (1988), "The Longitudinal Research Database: Status and Research Possibilities," Survey of Current
Business, November, pp. 30-37.



During the first month on the project, we decided to focus on the andlys's of large plants, or
"certainty cases' in the Annud Survey of Manufactures (ASM).8  This decision was based on
information on the relative importance of shipments from large plantsin total industry shipments,
on the continuity of coverage over adjacent survey years for different employment sze
categories, on response rates for different employment sSize categories, and on the redization
that parameter estimates obtained with these observations would not be subject to sampling

error.®

A. Relativeimportance of large plants shipments.

8 The ASM isan optimally stratified sample of establishments. In optimally stratified samplescertainty
cases are included in the sample surveyed with a probability of one. The motivation for surveying large
plants with certainty istwo-fold. First, the resulting decrease in the sampling variability of estimates for
population totalsis judged to warrant the cost of surveying the entire upper tail of ahighly skewed
distribution. And second, the sub-population in the upper tail isbelieved to be so heterogeneous that a
random sample would not berepresentative. Toillustrate the second concern a statistician in the IRS has
explained, "We want to be sure we include General Motorsin the survey, and we want to be sure we don't
count them twice." A lucid discussion of optimally stratified sasmple designis provided in Corcoran (1977),
cited above.

9 Theterm "sampling error" refers to errors of measurement due to the fact that one examines arandom
sample from the population in question, rather than from the population asawhole. Sampling errorisa
separate concept from that of selectivity bias: a sample whose observations are drawn randomly from an
entire population is not subject to selectivity bias, but it isstill subject to sampling error.

Thereisalso aliterature on nonsampling error asit arisesin the analysis of longitudinal data. See Mark
Roberts and James M onahan (1986), " The Effects of Nonsampling Errors on the Development and Use of
the Longitudinal Establishment Data (LED) File," and Graham Kalton, David McMillen, and Daniel Kasprzyk
(1986), "Nonsampling Error Issuesin the Survey of Income and Program Participation (SIPP)," and the
references provided in these papers. Both papers are published in the Bureau of the Census Second Annual

Research Conference Proceedings, March 1986.




Ruggles and Ruggles report that there were atota of approximately 360,000 domestic
manufacturing establishments in 1977.10 Among al manufacturing establishments the roughly
43,000 certainty casesin the ASM, or 12 percent of the total number of plantsin 1977,
accounted for 80 percent of the aggregate vaue of manufacturing shipments1?  This extreme
quantitative importance of ardatively smdl number of large establishmentsis characteridtic of

the manufacturing indudtry.

B. Continuity of coverage over survey years

LRD datafrom large plants are relatively well suited for work thet involves dynamic models
because data from large plants are readily linked over time.12 This greater continuity of
coverage for plants with 250 or more employeesislargely due to the fact that they are certainty

casesinthe ASM.  Ruggles and Ruggles report that, for the period 1974-81, the percentages

10 An establishment is a plant or other physical locationwhere productive activity takes place.
Establishments are to be contrasted with enterprises, or firms. A single enterprise may own one or more
establishments.

11 Nancy Ruggles and Richard Ruggles (1984), "The Analysis of Longitudinal Establishment Data,"
unpublished mimeo cited with the permission of Richard Ruggles.

12 For the purposes of this project, the term "large plants" identifies plants with 250 or more employees.
Hsiao describes maximum likelihood procedures that may be followed to estimate systems of equations with
datain which observations on some units of observation are missing for some periods spanned by the data
set. These, or similar, procedures would be required to estimate dynamic models for the industry as awhole.
See Cheng Hsiao (1986), Analysis of Panel Data, Cambridge: Cambridge University Press.




of the total vaue of shipments attributable to plants that could be linked over time, rdative to the
total value of shipments attributable to the entire employee-Sze class, are as shown in Table
1.13 These percentages increase steadily from lessthan 19%, in the case of plants with fewer

than 100 employees, to over 90% in the case of establishments with 500 or more workers.

C. Imputation Rates

It iswdl known that measurement errors may be propagated throughout an entire set of
parameter estimates with the implementation of system+wide estimation procedures such as
3SLS and full-information maximum likelihood. For this reason, the fact that large plants are
generdly found to report more completely and more consstently than smdler survey

respondents made large plants an especialy attractive sub-population for our purposes.

To illugrate the lower imputation rate observed in data from large establishments, Ruggles and
Ruggles report the ratios shown in Table 2. In these ratios the numerator is the total estimated

vaue of shipments with imputed values omitted, and the denominator is the total with imputed

13 Ruggles and Ruggles (1984), p. 14.



vauesincluded. 14 On average, the actud reported vaue of shipments (as opposed to the
imputed value) accounts for more than 90% of the total estimated vaue of shipments from large
plants. More detailed evidence that the percentage of surveyed establishments who complete
survey questionnairesis usudly higher among large establishments than it is among other
employment-size categories is provided by Monahan and Roberts, and summarized in Table
3.15 Thistable shows that non-imputed values account for more that 90% of the estimated

vauein the case of large plants, for dmost dl variables examined.

Having decided to specidize our andysisto a sub-population of large plants on the basis of
work by prior researchers, we requested that all microdata from plants with 250 or more
employees be extracted from the LRD and copied onto computer tapes for our use16 The
next steps in our industry selection procedure required that we extract plants permanent

identification numbers (PPN), primary product code (IND), and total vaue of shipments (TVS)

14 Rugglesand Ruggles (1984), p. 13. Imputed and missing values appear more frequently for variables
other than the total value of shipments, and especially for variables not routinely reported in published
ASM reports. See Table 3, below.

15 Mark Roberts and James Monahan, "The Effects of Nonsampling Errors on the Development and Use
of the Longitudinal Establishment Data (LED) File, photocopy. An abbreviated version of this paper is
published in the 1986 Bureau of the Census Second Annual Research Conference Proceedings, pp. 131-146.

16 This approach was adopted largely for simplicity, and to avoid unwarranted imposition on Center for
Economic Studies (CES) staff members that might have resulted from repeated requests for smaller extracts.
During the second month of the project CES staff member Jim Monahan kindly generated 15 extracts (one
each year for the period 1972-1986) and copied them onto 8 tapes for our use. These extracts were the
sourcefilesfor al of our subsequent work on this project.



from the 199,873 annua observations on genera economic variables (Record Type 11) from
the 8 tapes that were created in response to our request, and store them on the virtua disks
assigned to our project.1’ Over the period 1972-1986, observations on manufacturing

establishments with 250 or more employees were distributed as shown in Table 4.

17 Wealso read in the following variables from the detailed product and materials records from the records
of 13,067 manufacturing plants with 250 or more employees in the 1982 Census-year extract, in order to
assess the viability of detailed analysis using the product and materials data. Fromeach detailed product
record (Record Type 30) we extracted a product code (Pl), and information on the quantity produced (PQP),
quantity of shipments (PQS), value of shipments (PV), quantity of interplant transfers (PQIT), value of
interplant transfers (PVIT), quantity produced and consumed (PQPC), and the total value of shipments
(TVS). Inspection of afrequency distribution of product codes from the 66,687 detailed product recordsin
the 1982 extract revealed 6,699 different 7-digit product codes. For each 6-digit materials record (Record
Type 20), we extracted a materials code (M), and information on the quantity produced and consumed
(MQPC), the quantity delivered and consumed (QPDC), and the cost of the materials (MC). A frequency
distribution from the 89,470 detail ed materials records included in the 1982 extract revealed 1,243 different
materials codes.

CES staff membersindicated that the first 6 digits of Pl and the entire 6 digits of M are associated with the
same sets of product characteristicsin most cases, but that the correspondence between the two sets of
definitionsis not always exact. Inlight of the fact that the construction of establishment-level product and
materials price indexes was not a primary objective of our project, we decided that athorough analysis of the
detailed product and materials datafrom 1972, 1977 and 1982 would absorb an undue amount of time.
Subsequently we focused entirely on the general economic variables, which are available on an annual

basis.



. Stability of Large Plants Shares of Industry Shipments

We wanted to estimate production functions and factor demand equations from a population
whose production possibility set appears to be relatively stable. Therefore

our firgt extracts were used to plot the shares of total shipments attributed to large plantsin each
year within 2- and 3- digit groups, the shares of industry shipments attributed to large plantsin
each 4-digit group within the output atributed to large plants in each 3-digit group, and the
shares of large plants shipments attributed to the 3-digit groups within each 2-digit group.
These charts provided us with preliminary evidence on the stability of the 4- and 3-digit

composition of each 2-digit group.

If large plants within an industry do not condtitute a separable subset of the total population of
edtablishments, amode of the firm's choices regarding plant Sze and the composition of
production should be incorporated in the systems of factor demand equations estimated in order
to test for evidence of sdlection bias18 |t is not obvious that these decisions can be modeled

with establishment-level data aone unless the production function of the multi-establishment firm

18 The structure of these testsis described in Phoebus J. Dhrymes (1986), " Limited Dependent Variables,"
in Handbook of Econometrics, Val. I, Grilichesand Intrilligator, Eds. , Amsterdam: North-Holland.




is separable in a partition by industry and plant size, because plant size and product composition
decisons are typicdly made a the level of the firm rather than at the levd of the
edtablishment.1® Therefore these charts were devel oped to gauge, abet in apreiminary and
informal manner, the appropriateness of an econometric andyss of the behavior of large plants
separate from that of their parent firms and, implicitly, from that of other establishments owned

by firmsthat operate in other indusiries or Sze classes.20

Thefirgt set of charts examines the sability of the total value of shipments attributed to large

plantswithin agiven 2- or 3-digit industry group, reaive to the tota vaue of shipments

19 Explicit modeling of industry and establishment size decisions would permit the estimation of systems
of equations that include industry switching equations. However, the relatively complicated nonlinear
estimation procedures associated with switching equations were judged to be unduly complicated for initial
work with arelatively new and unknown data set. This preference for amore straightforward initial
approach to the data was reinforced by the fact that the firm-level microvariables one would want to employ
in the specification of plant size and product switching equations were not then available for work with the
LRD. Theinterpretation and expected signs of estimated factor demand el asticities for the multi-product,
multi-plant firm are discussed by Ralph W. Pfouts (1961), “The Theory of Cost and Production in the Multi-
Product Firm,” Econometrica, 29, pp. 650-668, Pfouts (1964), “ Some Cost and Profit Relationshipsin the
Multi-Product Firm,” Metroeconomica, 16, pp. 51-66, and Phoebus J. Dhrymes (1964), “ The Monopolistic
Multiproduct Firm Under Uncertainty,” International Economic Review, 5, pp. 235-257. Estimation problems
that may arisein the presence of individual firm effects are discussed inMoeller (1995), cited above.

20 |nthe LRD, the permanent plant identification number (PPN) associated with each establishment can be
used to identify establishments owned by multi-establishment firms. Before each economic censuslarge
companies are surveyed to obtain alist of the establishments that they own. Roberts and Monahan report,
"Considerable effort is expended to verify the composition of large multi-unit companies since these
companies account for over 80 percent of economic activity interms of output, although they own only 10
percent of the number of establishments." See Mark Roberts and James Monahan (1986), "The Effects of
Nonsampling Errors on the Development and Use of the Longitudinal Establishment Data File," Bureau of
the Census Second Annual Research Conference Proceedings, Bureau of the Census,

U. S. Department of Commerce, pp. 133.




atributed to dl plants within that industry.21  The second set of charts reviews the stability of
the shares of shipments from large plants within each 2-digit group that are attributable to the
large plants in each 3-digit subset, and the stability of the shares of large plants shipments
attributed to each 4-digit subset of large plants within dl 3-digit groups. These charts provide

graphica information about the stability of the composition of shipments within each subst.

A. Shares of total industry shipments attributable to large plants.

The sheres of totd industry shipments attributable to large plants were caculated by summing
the total value of shipments reported by the establishmentsin these initid extracts on an annua
bass, by 3- and 4-digit category. Industry totals for large establishments were divided by the
totd vaue of shipmentsfor the industry as awhole in the gppropriate year, and the resulting

shipment shares were plotted.22 These plots provide preliminary evidence on the compostiona

21 The share of the establishment's total shipments attributable to its primary product is reported annually,
in the primary product specialization ratio (PPSR). Detailed data on the composition of production are
collected at 5-year intervals, in the quinquennial Census of Manufactures, but are not available in non-
Censusyears. Aninformativeinvestigation into the composition of products produced and materials
consumed by establishmentsin the LRD isreported in Frank M. Gollop and James L. Monahan (1991), "A
Generalized Index of Diversification: Trendsin U.S. Manufacturing," Review of Economics and Statistics, 73,
pp. 318-330. These indexes show significantly less product diversity at the establishment level than at the
level of the firm, declining levels of diversity over time, and a negative relationship between product
diversity and employment at the establishment level.

22 \We used the NBER Productivity Dataset maintained by Wayne Gray, mentioned above, as our source of
data on the total value of shipments attributed to all establishmentsin each 3- and 4-digit group. Don



dability of the set of plantsin each industry group within partitions defined by the total number

of employees.

More specificaly, let n, ,, and n, ,, represent the number of large plants within a 3- or 4-digit
industry indexed | a timet, let §, represent the value of shipments reported by a specific
plant,and let S 5, or S, , , be the corresponding value of shipments attributed to the entire 3- or

4-digitindudry. Then large plants shares of totd shipments were calculated as follows:

o] n
a.
Sjt:ﬁ; ]=341t=72,.. 84
o SI,j,t

The vertica axes of these plots range between 0 and 1, and the horizonta axes range between
72 and 84.23 The 3-digit annud shares were plotted by 2-digit group and the 4-digit shares
were plotted by 3-digit group. These plots of large plants shipment shares are discussed in
subsection [1.A.1. The sub-group shares of al output produced by large plantsin agiven
industry group were plotted smilarly. Results from this second set of share plots are described

in subsection 11.A.2.

Siegel, who was just completing his tenure as an ASA/NSF/Census Research Associate with Frank
Lichtenberg as our project began, kindly gave us a copy of thisfile.

23 Although the microdata we obtained from CES span the period 1972-1986, the most recent year included
in the file of time series aggregates givento us by Don Siegel was 1984. Consequently the first set of plots
reported below, which are ratios of shipments from large plantsin anindustry to total industry shipments,
were restricted to the period 1972-1984.



1. Largeplants sharesof 3-digit industry shipments, by 2-digit groups

At the 2-digit levd, plots of large plants sharesin totd sub-industry shipments show thet the
relaive rankings of the shares of output attributed to large establishments were fairly stable over
time, dthough they were not entirely constant. For example, Figure Lisaplot of large plants
shares among the 3-digit groupsin industry 20. In this case the largest share of 3-digit
shipments attributable to plants with 250 or more employees was that of industry 206: in
industry 206 large plants were responsible for 65%-70% of tota industry shipments over the
period 1972-1984. Large plants were responsible for 55%-65% of the tota value of shipments
inindustries 203 and 201, while the shipments shares of large plantsin industry 205 were dmost
aways dightly below those of industries 201 and 203. Large plants shipment shares ranged
between 45% and 50% for industry 208, and were dways below those of the 3-digit groups
aready mentioned. Large plants annua sharesin industry 209 ranged between 35% and 45%,
and were consgtently smaler than the corresponding shares for industry 208. The shares of
shipments attributed to large plantsin industry 204 consstently ranged between 25% and 35%.
For industries 202 and 207 large plants shares ranged between 15% and 25%, with shares for

industry 202 dightly below those of industry 207.



Within 2-digit groups, the largest share of shipments attributable to large plants is greater than
80% in dl but industries 23, 24, 25 and 31. The 3-digit group in which large establishments
account for the smallest share of totd industry output have large plant shares that are dmost
aways higher than 20% for al but industries 23, 24, 26, 29, 31, 32, and 34.24 Didinctly larger
large-plant shares are exhibited by industries 35 (where all 3-digit large plant shares usudly

range between 40% and 95%), 36 (range 60%-90%), 37 (range 70%-95%), and 38 (range

5096-90%).

24 This statement does not always include cases in which the last digit is 9, which generally corresponds to
the category "not elsewhere classified."



2. Largeplants sharesof 4-digit industry shipments by 3-digit groups

At the 3-digit leve, plots of large plants sub-industry (4-digit) sharesin totd industry shipments
show that the relaive rankings of the shares of output attributable to large establishments are
less stable over time than is the case at the 2-digit levd. In some cases the sub-industry shares
of two digtinct sub-groups exhibit complementary fluctuations, asis the case for the 4-digit
industries within the 3-digit group 234, shown in Figure 2. Although this pattern is unavoidable
inthe caseillugtrated in Figure 2 because the 3-digit group contains only two sub-groups, Smilar
patterns are aso observed between pairs of 4-digit groups within 3-digit industries when the
total number of sub-groupsislarger than 2. For example, 6 4-digit indudtries are included
within the 3-digit group 238. But the shipments shares of the two sub-industries with the largest
shares of total shipments within industry 238, industries 2381 and 2385, dso exhibit
complementary fluctuations, asillustrated in Figure 3. This pattern suggests that these two
sub-industries may be ones in which the compostion of output fluctuates systematically because

the primary products of some multi-establishment plants fluctuate between 2381 and 2385.25

25 |n some casesindividual multi-product plants produce roughly equal shares of output that is coded
within different SIC categories, with the result that the primary product code assigned to the plant vacillates
from year to year. Insuch cases Industry Division analysts may apply “resistance” to the assignment of
primary product codes, in order to avoid spurious fluctuations in the industry time series. However, when
the analyst believes that these fluctuations are substantive, they allow primary product codes to fluctuate.
Therefore true fluctuations in product shares may be slightly understated in these charts.






B. Sharesof large plants shipments attributable to industry sub-groups.

A second st of plots, discussed in this section, was obtained by summing the tota value of
shipments across dl large plants within subsets of a given industry group, and across dl large
plantsin that group. Sub-group shares were calculated as the ratios of the sub-groups sumsto
group totals. That is, usng the notation defined in [1A., sub-group shares of large plants totd

shipments were caculated as follows.

=Lia S j=23t=72,...86.

These plots provide preliminary evidence regarding the stability of the compaosition of output
within each industry sub-group in partitions defined by 2- and 3-digit SIC codes.26 Aswasthe
case for the partition defined by number of employees, discussed in section A, sub-industry
shares show a greater tendency to fluctuate at lower levels of aggregation. Thet is, 4-digit
shares associated with 3-digit totals show a greater tendency to fluctuate in ranking than do 3-

digit shares associated with 2-digit totas.

26 A helpful discussion of the criteria according to which SIC code categories are defined is provided in
James W. McKie (1985), "Market Definition and the SIC Approach,” in Antitrust and Regulation: Essaysin
Memory of John H. McGowan, Franklin M. Fisher, Ed., Cambridge: MIT Press, pp. 85-100. We are indebted
to James Monahan for this reference.




1. Three-digit shares of shipmentsfrom large plants, by 2-digit group

Figure 4 provides an example of results obtained by plotting the shares of tota shipments from
large plants in each 3-digit sub-group within 2-digit industries over the period 1972-1986. 27
The relative rankings of sub-groups sharesfor dl large plantsin industry 23 were remarkably
stable over this period, as were average share values. The shares of total industry shipments
among dl large plantsin industry 23 attributable to large plants in industry 232 were consstently
the largest among 3-digit groups, ranging between 30 and 35 percent; the shares attributable to
industry 239 were consistently second-largest, ranging between 20 and 25 percent. The shares

attributed to industry 233 increased dightly during the period 1979-1986 but remained within

27 All share values are not printed for all years: when two or more values overlap, only oneis printed. For
example, al actual share values obtained for industry 23 are provided in the following table; the shares do
not sum to 100 due to rounding.

231 232 233 234 235 236 238 239
1972 14 A 16 08 00 04 02 20
1973 14 32 16 08 00 04 02 2
1974 14 A 16 08 00 04 04 20
1975 12 36 16 08 00 04 02 2
1976 12 A 16 08 00 04 02 24
1977 10 36 16 08 00 04 02 24
1978 10 A 16 08 00 04 02 26
1979 10 36 18 08 00 04 02 2
1980 10 38 18 08 00 04 02 18
1981 10 36 20 08 02 04 02 20
1982 08 36 20 08 00 04 02 20
1983 08 A 18 08 00 04 02 24
1984 08 A 18 08 00 04 02 24
1985 10 32 16 08 00 06 02 26
1986 10 32 18 06 00 04 02 26




the range of gpproximately 15-25 percent over the entire period. The shares attributed to
industry 231 declined from approximatdy 15 to gpproximately 10 percent. The share rankings
for these two groups, however, remained stable after 1974, when they began to diverge from
equd vaues. Sharesfor industry 234, 236 and 238 ranged between 3 and 8 percent, and were
aso conggent in their relative rankings. The smdlest 3-digit shares reported for this group, for

industry 235, ranged between 0 and 2 percent.

Although the plots varied from industry to industry, one generd pattern is evident when
reviewing these charts a the 2-digit levd. It isthat large plantsin a 9ngle sub-group were

respongble for an extremely large share of large plants totd output in only three of the non

28 Al| share values are not printed for all years: when two or more values overlap, only oneis printed. For
example, al actual share values obtained for industry 23 are provided in the following table; the shares do
not sum to 100 due to rounding.

231 232 233 234 235 236 238 239
1972 14 A 16 08 00 04 02 20
1973 14 32 16 08 00 04 02 2
1974 14 A 16 08 00 04 04 20
1975 12 36 16 08 00 04 02 2
1976 12 A 16 08 00 04 02 24
1977 10 36 16 08 00 04 02 24
1978 10 A 16 08 00 04 02 26
1979 10 36 18 08 00 04 02 2
1980 10 38 18 08 00 04 02 18
1981 10 36 20 08 02 04 02 20
1982 08 36 20 08 00 04 02 20
1983 08 A 18 08 00 04 02 24
1984 08 A 18 08 00 04 02 24
1985 10 32 16 08 00 06 02 26
1986 10 32 18 06 00 04 02 26




durable manufacturing groups, while in durable manufacturing a sngle sub-group, or two sub-
groups that appeared to be "entwined,” were responsible for an digtinctly larger share of total
large plants shipmentsin most 2-digit groups. The three exceptions to this statement, among
non-durable manufacturing establishments, were industries 21, 25, and 29. Inindustry 21, 75-
90% of dl shipments from large plants were atributed to large plants with a 3-digit SIC code of
211. Similarly, anong large plantsin industry 25, those in sub-group 251 accounted for 50-
70% of the totd vaue of shipments. Within industry 29, industry 291 was responsible for
approximately 95% of the tota vaue of shipments from large plants. For dl other non-durable
manufacturing groups (i.e., for industries 22, 23, 24, 26, 27 and 28), no single 3-digit sub-group

exhibited amarkedly dominant share of the totdl vaue of large plants shipments.

In contrast, within durable manufacturing, in most cases one or two sub-groups were
responsible for very large shares of the totd vaue of shipments fromlarge plants. For example,
sub-groups 301 and 307 were jointly responsible for roughly 70% of the totd value of
shipments from large plants in industry 30, and roughly 75% of the total value of shipments from
large plantsin industry 31 was attributed to large plants with SIC code 314. Thethree
exceptions to this generd statement, among durable manufacturing establishments, were

industries 34, 35, and, to alesser degree, industry 38. In the case of the latter 2-digit groups,




no sub-group share was dramaticaly larger than the others were, and relative rankings were

sable

2. Four-digit shares of shipmentsfrom large plants, by 3-digit group

Shipments shares of large plantsin the 4-digit sub-groups within each 3-digit group of large
plants tend to display greeter variahility in vaue and ranking than the 3-digit sub-group shares
discussed in section 11.B.1. Figures 5 and 6 illudtrate the greater ingtability of sub-group shares
of total shipments attributed to large plantsin 3-digit industry groups. Thisingability appears to
be characterigtic of thislower leve of aggregation. Figure 5 shows sub-group share plots for
total shipments from large plants in industry 234. Over the period 1972-1978, sub-group
shares for industry 2341 and 2342 were reasonably stable; these two groups accounted for
dightly more than 60 percent and dightly less than 40 percent, respectively, of tota shipments
from large plantsin industry 234. Over the period 1979-1985, the sub-group shares of industry
2341 increased to more than 70 percent, while the sub-group shares of industry 2342 declined
to less than 30 percent. 1n 1986 both sub-group shares reverted to values smilar to those
observed during the earlier period. The relative rankings of the two sub-groups remained

constant.



In Figure 6 we see greater indability of sub-group shares, both with respect to their vaues over
time and with respect to their reative rankings, in the case of industry 238. The fluctuations of
ub-group 2381 are especidly dramatic, spanning high vaues of approximatdy 35 percent in
1973 and 1978, when industry 2381 was responsible for the largest shares of large plant’
shipments among al sub-groups in industry 238, and declining to less than 10 percent and the

smdlest shares among dl sub-groupsin 1985 and 1986.

C. Selection of 2-digit industry groupsfor further examination.

Based on our review of the share plots discussed in this Section, we narrowed the set of
industries under consideration for detailed work to those with SIC codes 26, 28, 34, 35, and
38. Thedahility of large plants shares of tota industry output for these 2-digit groups
indicated that large plants in these industries might reasonably be examined as a distinct subset,
dlowing usto defer andyds of the long-run plant Size decison for future research. Smilarly, the
gability of sub-industry shares of large plants industry shipments indicated thet it would
probably be acceptable to develop parameter estimates for systems of factor demand equations
without incorporating a primary product switching equation. Information on average imputation

rates by 4-digit industry and counts of observations avalable annualy within 3-digit groups,



discussed in Section 111, were subsequently used to narrow the list of industries to be examined

from5to 3.

[1. Imputation Rates and Annual Observationsin Selected Industries

We checked on the imputation rates for the 4-digit groups included in industries 26, 28, 34, 35,
and 36, using Attachment 5 of Roberts and Monahan's paper on nonsampling errors2® Inthis
Attachment the value-weighted mean percentages of variables industry-leve vaues dtributable
to imputation are reported for each 4-digit industry group. These percentages range from alow
of .01 (i.e. little imputation) for SIC code 2111 to ahigh of 48.82 (i.e.,, extensve imputation) for
industry 3572. Although these percentages are reported for the LRD as awhole, they should
be reasonably representative for large plants, given the magnitudes of large plants contributions
to the total value of shipmentsin manufacturing indudtries. Results from Roberts and Monahan's

Attachment 5 are rearranged and reported in Tables 5.1-5.4.

After reviewing the share plots discussed in Section |1 and the imputation rates summarized in
Tables 5.1-5.4, we made a preiminary decison to focus our andysis on large plantsin

industries 35 and 38.  The following factors contributed to thisdecision. Firs, the shares of



large plants shipmentsin total industry shipments and the sub-industry shares among large plants
are reasonably stable over the period examined for these two industries. As noted above, this
finding indicates that that the production possibility frontiers for these industries may be
reasonably stable, and that the estimation of systems of factor demand equations might be
undertaken without explicit modding of firm-level decisons regarding establishments sze and
primary products. That is, this preliminary examination of these data suggested that they could
be used to andyze establishment-level productivity and demand for factors of production

despite the fact that firm-level data on each establishment were not available.30

Second, imputation rates fall below the 10% range in 54 of the 56 4-digit groups included within
industries 35 and 38.31  Since the imputation rates in Tables 5.1-5.4 are based on observations

from egtablishmentsin al employment-size classes, and since large plants variable vauestend

29 Mark Roberts and James Monahan (1986), cited in footnote 10 above, p. 146.

30 This comment should not be taken to imply that the incorporation of firm-level microdatawith the
establishment-level microdatathen availablein the LRD would not be adesirable undertaking. Indeed, some
of our analytical work has been devoted to identifying the simplifying assumptions that are imposed by
necessity in order to analyze establishment-level productivity and demand for factors of production without
referenceto firm-level variables. But given that firm-level microdata were not then available, the share plots
described here were helpful for selecting asmall number of industries for detailed econometric analysis.

31 The exceptionally highimputation rate of 49% for industry 3572 would have been a cause for concern,
but in fact our files contained no observations on large plantsin industry 3572. It should be noted,
however, that the shipments price index for computers, industry 357, was considered unreliable, andit was
being revised during our tenure with the ASA/NSF/Census Research Program. Asaresult, we have chosen
not to emphasize results from industry 357 when 3-digit results are reported.



to be imputed less frequently than average, the integrity of these microdata seemed acceptable

for the estimation of fairly complicated systems of equations.

Third, the fact that the production of durable goods is known to be highly cydlicd, in
combination with the fact that large plants were responsible for alarge share of the total market
in these indudtries, suggests that they are well-suited for applications involving systems of factor
demand equations derived from inter-tempora objective functions. Since longitudind microdata
are paticularly wdl-suited for the estimation of dynamic modds, it seemed to us thet the
grengths of the LRD might be illustrated particularly well in gpplications involving deta from

indusgtries such as these, in which dynamic optimization is likely to be standard practice.

V.  Stability of compostion of large plantswithin industry groups.

In this section the frequency with which establishments SIC codes change from year to yesr,
and the durations of pells during which establishments primary product codes fall within those
for agiven 2-digit group, are reported for industries 35 and 38. In combination with the results
reported in Sections |1 and 111, this description of the stability of the industrial composition of the

population of establishments provides preliminary evidence on the likelihood that aggregation



bias may be a problem in index-number and econometric measures constructed with pooled

industry time series data.32

A. Frequency of individual plants switchesamong industry categories

To screen for gability in the industrid composition of establishments within each 2-digit group,
we counted the number of plant-years in which an establishment's SIC code changed, and
generated frequency distributions for the number of years in which establishments SIC codes
changed to that of another industry group. These frequency distributions are reported in Table
6. They show that 1.6% of the annua observations coded in industry 35 were from plants
whose 2-digit industry code was not 35 in the preceding year. The corresponding percentage
for annua observations in industry 38 was 2.9%. These resultsindicate thet the indudtrial
compogtion of the plants in these two industries was quite stable over this period, and that the
caculation of year-to-year changes should be straightforward for the vast mgority of

obsarvations.

32 This concern also underlies the formal econometric tests for separability that were implemented in the
later stages of the project. A helpful introduction to the problem of aggregation biasis available in Henri
Theil (1965), Linear Agaregation of Economic Relations, Amsterdam: North-Holland.




Information on the specific 2-digit groups with which plants that switched into these industries
had been associated during the preceding year is provided in Table 7. This table shows that the
industry of origin in the prior year was fabricated meta, machinery, transportation equipment or
fineingruments in the vast mgority of year-to-year changes. That is, the mgority of prior-year
products were broadly smilar to current-year products, even when there was a change in 2-
digit industry code. These results show that, in very generd terms at least, the compaosition of

outputs produced by these plants did not exhibit extreme variability from year to year.

B. Duration of spellsin industry and size class, by year

Although most annua observations showed no change in SIC code from the prior year, Tables
8.1 and 8.2 show that only about hdf of the large plant observations available for industry 35 in
1986 were from plants that were coded within industry 35 for the entire period examined. This
table shows that, despite the fact that most large plants SIC codes do not change from year to
yedr, thereisagreat ded of churning over the longer run, as some plants switch to other
industry groups or "downsize," and others enter or re-enter the product markets and
employment Sze class examined here. 1n 1986, for example, 68% of dl large plantsin industry
35 had operated continuoudy in that industry, continuously employing 250 or more employees,

for 10 years or longer. Those that had operated continuoudy in industry 35, employing 250 or



more employees for 5 years or less, represented 23% of the tota number of large plantsin

industry 35.



C. Documented reasonsfor gapsin coverage

We were advised by Industry Divison specidists that some plant identification numbers had
been miscoded in the early 1980's, with the result that the number of true gapsin coverage
identified for this period might be overstated.33  We investigated this problem for the microdeata
on large plantsin industries 35, 36, and 38 by examining digtributions of the coverage code
vaiable (CC) over time, and over employment Szeintervals. Among al large plantsin
industries 35, 36, and 38 for which there was &t least a one-year discontinuity in coverage, the
coverage code variable was coded as zero for 89% of dl plant-year observations. This
percentage was fairly stable, ranging between 76% in 1979 and 93% in 1984.34 After deleting
observations for which the coverage code variable indicated that a discontinuity was genuine,
the percentage of large plants with a gap in coverage for which the coverage code variable was

zero was aso 89%, and again reasonably stable over time.

33 A corrected file of plant identification numbers has subsequently been compiled by staff members of the
Census Bureau's Center for Economic Studies.

34 Genuine discontinuities were defined as observations with coverage code values of 13, 21, 22, 23, 28, 29,
31, 32, 33, 35, 38, 51, 54, 58, 64, 72-86, and 90. These variables are defined in Ruggles and Ruggles (1984), in
the section titled "Dictionary Documentation,” pp. 120-123



Among large plants whose gaps in coverage were not explained by coverage codes, 54% had
totd employment levels of 250-299, as compared with 15% of the total population of large
plantsin these indudtries.  In the case of dl large plants these percentages were relatively stable
over time, asshown in Table 9. But there is a definite cyclica component to the presence of
gapsin coverage, with no coverage code assigned, among plants in the 250-299 employee Size
class. During the expansonary period of 1975-1979, plantsin this Size class accounted for
more than 70% of the discontinuous observations with questionable coverage codes, while they

accounted for only 40-45 percent during the recessions of the early 1980's,

It seems likely that some of these observations represent switches from smdler employment-gze
classes, and it was not clear how these legitimate cases might be distinguished from mis-coded
plant identification numbers without scanning the entire LRD file for observations with

permanent plant identifiers from the observationsin question.3>  Non-zero coverage codes
among large plants with questionable gaps in coverage were distributed sparsely across all

years, and across al employment-gze-classintervas, they were not limited to the 1980's.
Furthermore, the total number of observations with gaps not explained by the coverage code

wasrddivdy smdl: 1,602, or 3.2% of al plant-year obsarvations. Given the difficulty of

35 CES staff members did scan the entire LRD file for data on the same plant when it had fallen into another
employment size class for the subsequent research with these data that is reported in Dhrymes (1991) and
Bartlesman and Dhrymes (1992).



discerning how mistaken plant identification numbers should be corrected, the difficulty of
separating coding errors from legitimate new entrants to this employment size class, and the
relatively smdl number of casesin which questionable gaps might reflect mis-coded plant
identification numbers, we decided thet it would be inefficient to devote additiona timeto this

issue,

D. Frequency Digributions of Annual Observations

We examined the number of observations available annudly for each three-digit group in
industries 35, 36, and 38, in order to identify those three-digit groups with asufficient number of
annua observations to support the development of successive annua cross- section estimates of
the parameters of ample systems of factor share equations. These frequency distributions,
reported in Table 10, led usto select industries 353, 356, 357, 362, 366, and 367 for more

detailed andyss.

V. Deflators

A. Four-digit industry price indexes



The microdatain the LRD are reported in current dollars; time series of price deflators are
required to convert these nomina variablesto "red" values, which are considered more
appropriate for the estimation of production functions and factor demand functions. A review of
the methodol ogies used to construct the industry- specific deflators available for usein this study
reveded four matters that may warrant comment. First, data used to construct price indexes
may have been collected from firms or from establishments. The totdl value of the shipments
from afirm or establishment may be attributed to the industry represented by its primary
product code, even when the total output of the firm or establishment is highly diversfied.
Second, the structure of the sample from which, and the sdection of products for which,
detailed and specific price data are collected is not identicd for dl series. Third, one must
choose between fixed-weight and implicit price deflatorsin the case of plant and equipment
invesment. And fourth, input-output (I-O) tables and capita flowstables (CFTs) based on
Census-year detailed product and materids data are used to gpproximate the composition of
materids and energy used in production, the composition of investment, and the composition of
the capitd stocks employed in an industry.36 Theseissues are familiar to experienced users of

CM and ASM data, but they are reviewed briefly in this section for completeness.

36 The construction of capital flowstables, or CFTs, isdescribed in Peter E. Coughlin and I nterindustry
Economics Division Staff (1980), "New Structures and Equipment by Using Industries,” Survey of Current
Business, July, pp. 45-54. Seethe August 1971 and September 1975 issues of the Survey of Current
Business for discussions of the CFTsfor 1963 and 1967, respectively.



Aggregated indudtry time series are available on ether an "establishment basis' or a"firm bass”
or both in severd ingtances. The former are aggregates of data collected from plants, while the
latter are aggregates of data collected from firms. For example, the Census Bureau releases
detailed estimates of current- and congtant-dollar investments in plant and equipment. Two sets
of estimates are released in each case. The establishment-based series include data on 58
industry groups, while the firm-based series include data on 39 industry groups. Differencesin
the two series arise because a single firm may own establishments whose primary product is
different from the product to which the largest share of the firm'stotal shipmentsis attributed.
Therefore the compogition of investments atributed to dl firmsin a given industry may be
different from the composition of investments attributed to dl establishments in thet industry.37
From a conceptua standpoint, the establishment-based series are more appropriate for work
with establishment-level microdata.38 However, a the time that we investigated this matter the

establishment-based series were intermediate products in the construction of the constant-dollar

37 For adescription of the methodol ogies used to construct the BL S price indexes, see Lawrence Grace,
"Real Output Measurement in the United States National Income and Product Accounts," in Readings in
Concepts and Methods of National Income Statistics, 1976, pp. 216-290; "Producer Prices," inTheBLS
Handbook of Methods, 1982, val. 1., chapter 7, pp. 43-61; and "Wholesale Prices," in The BL S Handbook of
Methods for Surveys and Studies, 1976, chapter 16, pp. 123-126. For a description of the methodol ogy used
to construct the constant-dollar series on plant and equipment investment, see Michael J. McKelvey (1981),
"Constant Dollar Estimates of New Plant and Equipment Expenditures in the United States, 1947-80," Survey
of Current Business, September, pp. 26-41; and Eugene P. Seskin and David F. Sullivan (1985), "Revised
Estimates of New Plant and Equipment Expenditures in the United States, 1947-83," Survey of Current
Business, January, pp. 16-25.

38 Weare grateful to John Gates for providing us with the references that describe the construction of
these indexes, and for pointing out the possible usefulness of the establishment-based series.



firm-based investment series and were not subject to analyst review for "sensbleness”  Since
the firm-based series was subject to analyst review, and since the data were origindly collected

a thefirm levd, we decided to work with the more familiar firm-based series.

The sample of establishments from which specific price data are collected for congtruction of the
BLS Producer Price Index (PPI) is designed to monitor the price changes of those particular
products within an industry group that are respongble for the largest values of shipments. Large
plants represent a disproportionate share of the establishments from which these data are
collected. More randomness has been introduced into the sdlection of plants whose specific
product prices are used to congtruct the Industry Price Index, (IP1), which measures changesin
the prices of dl products produced by the firms or establishments within a given industry, even

when some of the products produced are themselves classified in other industry categories.

The Census-SRI-Penn-NBER (CSPN) dataset of industry deflators and aggregates, which was
readily available for our use, is based on PPIs through 1976; 1PIs were used as they became

available, over the period 1977-1984.3° The deflators of choice for the purposes of this

39 For adescription of the procedures followed to construct the original Census-SRI-Penn dataset through
1976, see Gary Fromm, David L. Crawford, Lawrence R. Klein, and Frank C. Ripley, "The Census-SRI-Penn
Industry Profiles Dataset," unpublished report, June 15, 1982; also see Steve Andrews and Craig Zabala,
"Documentation of the SRI-Penn Manufacturing Industry Dataset Developed by David L. Crawford, Gary
Fromm, Lawrence Klein and Frank C. Ripley, "Bureau of the Census Technical Notes, 1984. A description of



project might have been consstent series based on the PRI, had they been available without
requiring extendve re-coding and re-aggregation, because the population from which these price
data are taken corresponds most closely to the population under study. However, the time and
resources that would have been required to duplicate the congtruction of materias deflators
from these shipments price indexes, following the procedures described by Fromm, Klein et. d.,
would have been prohibitive. Furthermore, if a project were to be undertaken to construct
materias deflators for use with the LRD files, it would probably be more worthwhile to
congtruct plant-specific deflators, usng detailed product and materias data from Census years,

than it would be to duplicate the CSPN procedures using PPIs.40

Both fixed-weight deflators and implicit price deflators are available separately for plant
investment and equipment investment. The differences between the methodologies used to
construct the two types of deflators are well known. The former can be inaccurate measures of
changesin the cogts that plants actually face, because the composition of investments purchased
will change in response to changes in the relative prices of capital goods and other factors of

production, and in response to changes in the composition of aggregate demand for products

the procedures followed to update this dataset through 1984 was provided in Wayne B. Gray (1987),
"Productivity Data Description," photocopy.

40 \We owe this recommendation to James Monahan of the Census' Center for Economic Studies.



produced. On the other hand, price changes and compositiona changes are confounded in

implicit price deflators.

I ndustry-specific deflators for plant and equipment investments that are disaggregated beyond
the two-digit level were not available for years after 1981 during our tenure in the
ASA/NSF/Census Research Program.  Consequently we decided to forecast the industry
deflators after 1981 as functions of plant and equipment deflators for dl manufacturing, which
were available after 1981 in the NIPA Tables 7.4, 7.12, and 7.13. We found that the
equations forecasting the industry- specific implicit price deflators for equipment had a
sagnificantly better fit than the corresponding equation for the fixed-weight deflators, and we

chose to work with the implicit price deflators for this reason.

B. Establishment-specific investment deflators

We congtructed plant-specific deflators for total investments, weighting the firm-based implicit
price deflators discussed above by the shares of total investment attributed to machinery and
building investments, at the establishment level.  That is, industry price deflators for plant and

equipment, denoted P, | and R . respectively, were merged with establishment-level dataon



current-year expenditures on plant and equipment. Plant-specific invesment deflators P were
caculated according to the following formula:

@ NB O & NM,

5
P=¢c——P _+ =P
' TENB +NM g P TENB +NM. g "’

where NB, and NM, represent new building expenditure and new machinery expenditure

respectively.

The resulting time series were extremely variable, due to the variability of building investments at
the establishment level.  Consequently this gpproach to the construction of establishment-leve
investment deflators did not seem to result in asingle index that measured the prices of
investment goods actudly faced by each establishment on an amual basis. We therefore
decided to deflate investments in machinery and plant separately by the industry-leve implicit
price deflators for plant and equipment, described above.  We used the resulting deflated
investment values to congtruct separate estimates of establishment-level stocks of plant and
equipment according to the perpetua inventory approach, and aggregated the two capital stock
edimates to obtain an estimate of the total constant-dollar vaue of plant and equipment held by

each establishment.



C. Calculation of value added.

In their documentation of the LRD Ruggles and Ruggles note that there are severd differencesin
definition and measurement between the Census Bureau' s measure of value added, which is
available in these microdata, and the Bureau of Economic Activity's (BEA's) output messure,
gross product originating in manufacturing (GPO).#1  Both measures begin by measuring output
asthe totd vaue of shipments (TVS) plus net changesin inventory of work in progress (WIE-
WIB) and inventory of finished products (FIB-FI E) minus the cost of materids (CM). But the
following differencesin definition are noted: VA includes the cost of purchased services while
GPO does not; GPO includes an estimate of the vaue of taxes other than property taxes while
VA does not, and GPO includes an adjustment that isintended to convert the reported val ue of
inventories to areplacement cost basis42 To make aninitid check on the internal consistency
of the microdata we calculated VA directly with reported valuesfor TVS, WIE, WIB, FIB, FIE

and CM, and compared the directly-caculated vaue with the vaue of VA recorded in the

41 Ruggles and Ruggles (1984), cited above, pp. 104-107. The Ruggles cite the 1982 Census General
Summary Part 1 (Census Report number MC82-S Part 1) as areference for more detailed comparisons
between Census' VA and BEA’s GPO.

42 TheRuggles also note that the information sources used to construct VA and GPO differ in several
respects, and that “ GPO has tended to be 10 to 20 percent lower than value added” as aresult of these
differencesin definition and data sources.



LRD. Anextremely smdl number of discrepancies was discovered, and we concluded that we

need have no concern with the internal consistency of the recorded values:43

VI.  "Perpetual inventory" capital stock estimates.

A. Construction of Capital Stock Estimates

We edtimated the red vaue of the stocks of plant and equipment available for production
according to the "perpetud inventory technique.” Although the LRD includes information on the
book vaue of buildings and machinery, these numbers are generdly consdered to be unreliable
measures of the true productive capacity of the capital stock because they are not adjusted to

account for changesin nomind vaue over time44

The perpetud inventory technique is employed to construct industry-wide time series of capita

stock estimates. It isa procedure in which constant-dollar vaues of industry investments are

43 |nfact, the number of discrepancies discovered was so small that the output from these checks was not
retained when the term of our formal tenurein the ASA/NSF/Census Research program had expired.
However, our memory isthat the number of observations with such discrepancies wasfewer than 10.

44 A ucid discussion of the reasons why capital stock estimates constructed according to the perpetual
inventory technique are preferred over book value measuresis provided in " Capital Stock Estimates for
Input-Output Industries: Methods and Data," Bureau of Labor Statistics Bulletin 2034, 1979.



cumulated, after adjustment to account for declinesin the efficiency of productive physicd

asxtsasthey age. Thisadjustment is based on the following relationship:

Kl?t = (e' d/’ )Glg,t = SgGlg,t’
where € =(1,1,...1). Theshare of invesmentsin assets of type g madeat timet - n that
become unproductive at timet isd?’._,, so S’,., isthe surviving fraction of productive
physical assets purchased at timet - n, asof timet . Theentire vector of efficency
adjustments, d’ =(d?’, ,d’. ,...,d’°. , ), isdefined sothat d %, +df,_, +--+d%., =1, where

Uitz
| isthe maximum service life of the asset, i.e. d ., =0 fordl k >0. The vector of
invesmentsis G, = (12,1 7..,...17.,)". |, isgrossinvestment in assets of type g
mede a time t - n by establishmentsinindustry | , measured in congtant dollars. The dements
of s?, s? ,arefunctions of the expected duration and variance of asset service lives, aswell

as the specific hyperboalic function that is assumed to characterize the relaionship between age

and efficiency among assets of a specified type.4>

45 A more detailed description of these calculationsis provided in BLS Bulletin 2034, cited above.



Time limitations prevented the full implementation of this approach with the microdatain the

LRD. Rether, the dements of the vector S’ wereal assumed to tekethe velue €, as
esimated from the following regression, Ki,-1,= (1 - d~), Ki:=SK, .,
where K, K, ., and |, areindustry time series produced by the Bureau of Industria

Economics, and K, =8 K¢, .
9

The BIE time series are produced by applying the perpetua inventory approach to an
establishment-based time series on industry investments at the three-digit level that dates back
to 1958. Because the useful life of assets purchased in 1958 is assumed to have ended by
1972, theinitid conditions assumed by BIE in the congtruction of these time series are largely
immaterid, for the purposes at hand. However theinitid conditions used to congtruct plant-
level capitd stock estimates are Sgnificant, especialy in the early years spanned by the

microdata.

Our procedure was as follows. We estimated each plant'sinitial capitd stock as a share of the

industry-wide etimate:
Kio= (SIVO/SVO)K,VO,whereIetterswbs:ripted i denote plant-level data,

letters subscripted | denote aggregate time series vaues for the industry in which the plant's



primary product is categorized in year O, and the subscript O corresponds to thefirst year in

which an observation on plant i isavailable. Thesymbols K, , and K, , thus represent plant-
level and industry-level capital stock estimates, and S, and S, , represent plant-level and

industry-level values of annud shipments.

Since the tapes from which the microdata under study were extracted contain observations on
al plantswith 250 or more employeesit was possible to obtain investment data on plants whose
primary product code switched from 35, 36 or 38 to some other value, and this was done.
However time limitations prevented the correction of cases in which plant identification numbers
had been miscoded, and the extraction of investment data on plants whose employment levels
declined below 250. These cases were treated as gapsin coverage, and assigned new initial

vaues. For eechinitid vauefor K, plant-level capita stock estimates for years t > 0 were

then constructed as follows.

B. Digtributions of Capital Stock Estimates



Digributions of total estimated capital stock were compared with those for tota employment,
vaue added, and the total value of shipments. These digtributions are reported in Tables 11-14.

They are extremdy skewed, as expected for certainty cases from an optimaly dratified sample.

VIl. Summary and Concluson

This paper has reviewed results obtained in a preliminary investigation of the Census Bureau's
Longitudind Research Daafile. The objective of this preliminary research wasto sdlect a
subset of LRD establishment-level observations that would support the substantive objectives of

our research project.

In our review of documentation developed by Ruggles and Ruggles we learned that imputation
rates are lowest, and continuity of coverage is greatest, anong observations on large plants that
are sampled with certainty in the ASM. Examining the share of total industry shipments
atributable to large plants a the 3- and 4-digit leve, we found that large-plant shares of tota
shipments by 3-digit industry exhibited sgnificantly greater ability than large-plant shareswithin
4-digit groups. Large-plant shares of totd industry shipmentsin industries 35, 36 and 38 were

digtinctly larger than the average for dl manufacturing plants.



Examining the rankings of sub-industry shares of dl large plants shipments at the 2-digit leve,
we found that these shares are dominated by one or two sub-industries in most of durable
manufacturing; this pattern is observed much less frequently in the nondurable manufacturing
industries. Among large plants producing durable goods, sub-industry shares were most evenly
digtributed within industries 34, 35, and to alesser extent, 38. We again found greater
fluctuations among 4-digit shares of 3-digit large plant totals, compared with 3-digit shares of 2-

digit large plant totas.

Review of published vaue-weighted imputation rates for dl plants a the 4-digit industry level
reveded that imputation rates are condgstently below 10% among the industries we sdected for
andyss. Sinceimputation rates are Sgnificantly lower among large plants than for the industry
as awhole, these published rates should provide upper bounds on the true imputation rates for

large plant data.

Pooling observations for the period 1973-1986, we found that the frequency with which plants
primary productsin the prior year fell within adifferent 4-digit industry group than that reported
for the current year wasfairly low, i.e,, lessthan 3%. Over the longer run, however, the degree
of sustained industry attachment was substantialy lower. Examination of coverage codes for

large plants with gaps in coverage seemed to indicate that the percentage of al plant-year



observations with gaps that might be attributable to errors in the assgnment of permanent plant
identification numbers was relatively smdl. A routine procedure for the identification and
correction of incorrect identification numbers was not evident, and none was implemented.
However CES staff members have subsequently developed a master list of corrected

permanent plant identification numbers that should be useful in the future.

We devoted some effort to the devel opment of establishment-specific investment deflators, but
found that the resulting plant-leve deflators were quite ungtable due to the "lumpiness' of
building investments. However the caculations required to congtruct plant-level deflators
proved to be relatively sraightforward. Congtruction of plant-level capital stocks through the
perpetud inventory technique yielded estimates whose distributions are comparable to those

obtained with directly reported data on employment and the total value of shipments.

In summary, we believe the time- series cross-section microdata in the LRD to be an important
new source of economic information. The variables available in the LRD are described
extendvey in documentation assembled initidly by Ruggles and Ruggles. In additiond useful
documentation has been developed by members of the CES staff, and by outside researchers.

The LRD isan extremdy largefile, but preliminary review of selected subsets of observations,



for asmall subset of key variables, can be used congtructively to select of subset of

observations that iswell-suited for the research objectives at hand.



Tablel
LRD Edtimatesfor the Totd Vaue of Shipments
Totasfor Plants Linked in Successive Years

Rdativeto Size Class Totas
1-99 100-249 250-499 500+ overal
18.8 533 824 91.41 69.9
Table?2

LRD Edimatesfor the Totd Vaue of Shipments
Reported Totals Relative to Reported and Imputed Totals

Employment sze dass 1974 1981
1-99 employees 74.1 88.2
100-249 employees 81.5 91.4
250-499 employees 90.4 94.5
500+ employees 98.4 98.5
overdl 91.6 96.0




Percentage Reported by Employment Size Class

Table3

LRD Esimates for Sdected Variables

Sdaies & Wages Shipments Other, Average
Year Emp's | reported [ $vaue [ reported | $vdue [ reported | $vaue
1972 dl 99% 99% 83% 98% 48% 95%
0-99 99 99 82 95 42 80
100-249 98 98 97 98 93 96
250-499 99 99 98 99 97 98
500+ 100 100 100 100 99 100
1973 dl 92% 97% 87% 97% 88% 96%
0-99 91 93 84 91 85 90
100-249 93 94 90 94 90 94
250-499 95 96 93 96 93 95
500+ 98 97 97 99 97 99
1974 dl 96% 98% 68% 91% 89% 97%
0-99 96 96 61 74 87 92
100-249 96 96 70 81 92 95
250-499 96 96 81 90 94 96
500+ 97 99 95 98 97 99
1975 dl 91% 96% 89% 97% 89% 97%
0-99 89 89 86 92 87 92
100-249 92 93 92 94 92 94
250-499 94 95 94 96 94 96
500+ 98 99 98 99 98 99
1976 dl 94% 97% 88% 97% 89% 96%
0-99 94 93 84 91 85 92
100-249 94 94 91 93 92 93
250-499 95 95 94 96 94 95
500+ 97 99 97 99 97 981
1977 dl 100% 100% 64% 95% 47% 94%
0-99 100 100 60 84 41 78
100-249 100 100 92 95 92 94
250-499 100 100 96 97 96 97
500+ 100 100 98 100 98 100




Table 3, Continued
LRD Edtimatesfor Selected Variables
Percentage Reported by Employment Size Class

Sdaries & Wages Shipments Other, Average
Year Emp's | reported | $vaue | reported | $vdue | reported | $vdue
1978 dl 94% 98% 86% 97% 87% 97%
0-99 94 95 81 90 82 91
100-249 95 95 91 93 91 95
250-499 96 97 94 96 94 96
500+ 98 99 97 99 98 99
1979 dl 93% 98% 84% 96% 84% 97%
0-99 92 94 78 85 78 85
100-249 93 94 87 91 87 91
250-499 95 96 92 95 93 95
500+ 98 99 97 99 97 99
1980 dl 92% 97% 83% 96% 84% 96%
0-99 91 92 76 86 77 86
100-249 93 93 86 91 87 91
250-500 94 95 91 94 91 95
500+ 97 98 96 99 96 99
1981 dl 100% 100% 84% 96% 85% 95%
0-99
100-249
250-500 100 100 91 95 91 94
500+ 100 100 96 99 96 99




Table4

LRD Obsarvations on Establishments

With 250 or More Employees
year plants % of total
1972 13,590 6.8
1973 14,218 7.1
1974 14,241 7.1
1975 12,681 6.3
1976 13,211 6.6
1977 14,092 7.1
1978 14,051 7.0
1979 14,384 7.2
1980 13,766 6.9
1981 13,311 6.7
1982 13,067 6.5
1983 12,098 6.1
1984 12,778 6.4
1985 12,404 6.2
1986 11,981 6.0
1972-1986 199,873 100%




shares

Figure 1: Large plants shares of total industry shipments

SIC 20: Food and kindred products
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shares

Figure 2: Large plants shares of total industry shipments
SIC 234: Women's and children's undergarments
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shares

Figure 3: Large plants shares of total industry shipments
SIC 238: Miscellaneous apparel and accessories
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Figure 4: Sub-industry shares of shipments from large plants
SIC 23: Apparel and other textile products
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shares

Figure 5: Sub-industry shares of shipments from large plants
SIC 234: Women's and children's undergarments
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Figure 6: Sub-industry shares of shipments from large plants
SIC 238: Miscellaneous apparel and accessories
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Vdue-weighted Mean Percentage Variables Vaues
Attributable to Imputatior?6

Table5.1

LRD Imputation Rates

SIC 26 % SIC 28 % SIC 28 %
2611 0.22 2812 0.62 2861 6.45
2621 1.57 2813 5.69 2865 2.50
2631 3.43 2816 3.02 2869 1.79
2641 4.29 2819 1.93 2873 1.59
2642 5.69 2821 2.74 2874 1.67
2643 5.59 2822 0.47 2875 7.36
2645 8.99 2823 0.06 2879 4.54
2646 121 2824 0.45 2891 5.97
2647 2.46 2831 4.52 2892 5.08
2648 11.24 2833 2.25 2893 7.74
2649 7.41 2834 1.73 2895 0.30
2651 6.49 2841 2.05 2899 6.91
2652 16.42 2842 7.67
2654 4.27 2843 5.99
2655 7.91 2844 4.39
2661 1.02 2851 5.55

46 Roberts and Monahan (1986), cited above.




Vdue-weighted Mean Percentage Variables Vaues

Table5.2

LRD Imputation Rates

Attributable to Imputation

SIC 33 % SIC34 % SIC34 %
3312 1.07 3411 2.82 3482 1.44
3313 2.60 3412 5.83 3483 4.90
3315 6.43 3421 3.93 3484 4.05
3316 4.80 3423 4.26 3489 3.24
3317 3.70 3425 3.66 3493 2.96
3321 2.51 3429 3.48 3494 4.63
3322 1.15 3431 3.94 3495 6.89
3324 3.05 3432 5.47 3496 9.14
3325 3.38 3433 9.26 3497 4.20
3331 1.05 3439 12.79 3498 4.77
3332 0.02 3441 8.67 3499 9.71
3333 0.91 3442 13.15
3334 0.69 3443 5.85
3339 1.64 3444 9.58
3341 10.17 3446 6.77
3352 2.50 3448 8.46
3353 0.54 3440 5.94
3354 2.39 3451 8.82
3355 2.03 3452 4.39
3356 8.77 3462 2.84
3357 2.52 3463 1.00
3361 4.98 3465 1.60
3362 6.33 3466 0.91
3369 5.84 3469 6.59
3398 10.05 3471 12.62
3399 4.57 3479 7.49




Table5.3
LRD Imputation Rates
Vdue-weighted Mean Percentage Variables Vaues
Attributable to Imputation

SIC 35 % SIC35 % SIC 36 %

3511 0.29 3559 4.76 3612 2.04
3519 0.37 3561 2.90 3613 2.49
3523 2.37 3562 1.05 3621 2.53
3524 297 3563 2.07 3622 3.26
3531 1.89 3564 7.50 3623 3.51
3532 2.90 3565 12.19 3624 0.80
3533 3.13 3566 2.45 3629 5.75
3534 3.80 3567 5.97 3631 2.14
3535 8.34 3568 1.57 3632 0.23
3536 2.83 3569 8.30 3633 0.38
3537 342 3572 48.82 3634 2.86
3541 2.64 3573 3.02 3635 1.88
3542 4.24 3574 1.49 3636 1.40
3544 9.13 3576 4.09 3639 291
3545 3.17 3579 1.89 3641 1.22
3546 1.05 3581 6.13 3643 3.46
3547 1.47 3582 6.19 3644 3.42
3551 7.16 3585 2.34 3645 10.95
3552 5.89 3586 3.01 3646 5.46
3553 5.38 3509 6.54 3647 1.27
3554 4.90 3592 0.80 3648 411
3555 7.05 3599 13.94 3651 3.93




Table5.4
LRD Imputation Rates
Vdue-weighted Mean Percentage Variables Vaues
Attributable to Imputation

SIC 36 % SIC 38 %

3652 13.02 3811 5.29
3661 1.39 3822 1.26
3662 311 3823 3.26
3671 0.71 3524 1.75
3672 1.50 3825 4.42
3673 0.71 3829 6.17
3674 3.85 3832 5.39
3675 4.29 3841 412
3676 5.93 3842 4.16
3677 8.27 3843 4.33
3678 3.52 3851 6.46
3679 7.25 3861 1.72
3691 1.64 3873 5.01

3692 2.01
3693 3.77
3694 2.78

3699 10.01




Table6
Annua Observations on Large Plantsin the LED
Industries 35 and 38, 1973-86

Incidence of SIC Code Switches
X Denotes a Digit Switch
O Denotes No Change

Switch Industry 35 Industry 38
Pattern N % | N %
0000 18,343 96.9 5511 95.0
OX00 * 0.0 * 0.1
OOX0O 40 0.2 * 0.1
O00OX 169 0.9 56 1.0
XOXO * 0.0 * 0.0
XOO0OX * 0.0
OXXO 31 0.2 18 0.3
OXOX 45 0.2 12 0.2
OOXX 134 0.7 58 1.0
XXXO * 0.0
XXOX * 0.0 * 0.1
XOXX * 0.1
OXXX 200 1.1 107 1.8
XXXX * 0.0 12 0.2

* |ndicates 10 or fewer obsarvations




Table 7

Annua Observations on Large Plantsin the LED

Industries 35 and 38, 1973-1986
Industry in Previous Y ear

Previous Industry Industry 35 Industry 38

N % | N %

Textile Mills * 0.0 * 0.1
Appard & Similar * 0.1
Lumber & Wood * 0.0
Furniture & Fixtures * 0.0 * 0.1
Paper & Allies Products * 0.0 * 0.1

Printing & Publishing * 0.0

Chemicds & Allied * 0.0 * 0.1
Rubber & Misc. Plagtic * 0.0 * 0.1
Leather * 0.0

Stone, Clay, Glassware * 0.0 * 0.1
Primary Meta 16 0.1 * 0.0
Fabricated Metal 77 0.4 17 0.3
Machinery Expt. Electricd | 18,686  98.4 26 04
Electricd Machinery 84 04 77 13
Trangportation Equipment 60 0.3 * 0.1
Fine Instruments 29 0.2 5632 97.1
Miscdlaneous * 0.0 * 0.1

* |ndicates 10 or fewer obsarvations




Industry 35, 1973-1986

Table 8

Yr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
72 || 1,322
100.0
73 164 1,265
1148 8852
74 160 141 1226
1048 923 8029
75 77 103 103 1129
545 729 720 7996
76 68 64 95 103 1,074
484 45 677 734 7650
77 130 69 69 112 108 1029
860 45 456 741 681 6806
78 104 101 76 70 114 108 1,000
661 642 483 445 725 687 6357
79 138 100 93 75 75 111 101 979
825 598 556 449 449 664 6.04 5855
80 79 115 84 83 66 67 103 93 A7
483 703 513 507 403 409 629 568 5785
81 83 77 9 70 73 61 58 9 86 913
513 476 611 432 451 377 358 611 531 5639
82 212 62 51 67 58 55 44 45 76 69 811
1368 400 329 432 374 355 284 290 490 445 5232
83 37 75 47 33 49 51 45 35 39 60 83 708
293 594 372 261 38 404 357 277 309 475 658 56.10
84 89 91 64 54 32 52 44 42 A 33 62 71 655
673 688 484 408 242 393 333 317 257 249 469 537 4951
85 70 80 79 51 48 30 50 40 41 37 A 59 70 622
53 610 6.02 389 366 229 381 305 313 282 259 450 534 4741
86 42 57 59 27 45 43 24 47 41 44 36 52 50 57 578
349 474 490 224 374 357 200 391 341 366 299 432 416 474 4805




Table 8, Con't
Industry 38, 1973-1986

Yr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
72 347
100.0
73 50 328
1323 86.77
74 42 40 319
1047 998 7955
75 31 27 30 294
812 707 785 7696
76 23 33 26 32 287
574 823 648 798 7157
77 58 26 27 24 #A 278
1298 58 604 537 761 6219
78 28 32 22 25 26 32 265
651 744 512 581 605 744 6163
79 49 35 27 20 26 26 31 254
1047 748 577 427 55 556 6.62 5427
80 24 41 32 25 20 25 26 28 251
508 869 6.78 530 424 530 551 593 5318
81 30 24 39 28 21 21 23 21 27 236
638 511 830 596 447 447 4890 447 574 5021
82 65 28 20 35 27 16 21 23 19 29 227
1275 549 392 68 529 314 412 451 373 569 4451
83 18 33 24 19 #A 26 14 22 21 16 33 217
377 692 503 398 713 545 294 461 440 335 692 4549
84 44 33 32 20 17 37 23 12 21 21 14 30 206
863 647 627 392 333 725 451 235 412 412 275 588 4039
85 24 33 31 28 17 15 37 19 13 20 22 11 23 194
493 678 637 575 349 308 760 39 267 411 452 226 472 3984
86 29 25 25 20 26 20 17 #A 17 14 21 23 1 22 177
603 520 520 416 541 416 353 707 353 291 437 478 229 457 3680




Table9
LRD, Industries 35, 36, and 38

Discontinuous Plant-Y ear Observations

with Coverage Code Vaues of Zero

Dubious
Year All Plants Gaps

1974 14.53% 58.06%
1975 15.08 52.94
1976 14.65 71.13
1977 15.77 73.76
1978 13.77 72.95
1979 13.12 69.47
1980 12.97 60.34
1981 14.17 62.96
1982 16.20 45.28
1983 14.80 40.30
1984 15.30 42.81
1985 15.61 66.22
1986 16.70 34.30
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Table 10.1
LRD, Industry 35
Establishments with 250 or More Employees
Yer 351 352 353 34 355 36 3H7 358 359 Al
72 65 82 235 172 161 252 150 163 42 1322
73 69 94 250 188 169 268 160 183 48 1429
74 7S 104 266 19 174 294 186 183 49 1527
75 74 98 261 183 15 271 174 148 47 1412
76 74 94 260 169 156 274 178 155 44 1404
7 79 101 277 194 146 293 207 168 47 1512
78 78 97 304 199 144 300 225 175 51 1573
79 79 115 315 201 146 324 260 174 58 1672
80 71 102 308 199 150 328 266 164 49 1637
8l 74 91 312 187 143 322 274 164 52 1619
82 75 75 283 165 130 302 308 157 55 1550
83 65 67 184 122 102 242 280 152 48 1262
84 68 66 184 126 115 263 287 160 54 1323
85 69 64 180 137 116 258 268 165 55 1312
86 65 58 149 132 104 243 244 156 52 1203




Table 10.2

LRD, Industry 36

Establishments with 250 or More Employees

Year 361 362 363 364 365 366 367 369 Al
72 107 184 146 172 72 261 278 101 1321
73 119 200 145 174 70 269 303 118 1398
74 121 218 147 190 74 273 297 124 1444
75 99 187 139 138 65 254 246 101 1229
76 97 194 147 157 58 256 270 116 1295
77 118 210 144 1583 70 290 301 148 1434
78 122 217 150 163 68 302 303 151 1475
79 122 217 149 174 70 328 348 156 1564
80 124 214 147 154 60 327 361 151 1538
81 120 212 144 152 52 332 358 153 1523
82 114 209 133 143 43 373 416 144 1575
83 105 185 132 133 37 360 39% 142 1490
84 107 197 128 151 38 377 477 156 1631
85 101 184 124 153 40 384 447 151 1584
86 96 184 122 143 38 378 435 145 1541

73



Table 10.3
LRD, Industry 38
Establishments with 250 or More Employees

Year 381 382 383 384 38 386 387 Al

72 27 125 14 87 20 43 31 347
73 38 135 18 90 21 45 31 378
74 45 138 20 97 24 45 32 401
75 36 132 23 98 20 43 30 382
76 37 130 29 101 23 48 33 401
77 37 164 36 105 26 48 31 447
78 37 153 32 111 25 46 26 430
79 37 171 42 113 26 50 29 468
80 37 175 46 114 27 47 26 472
81 35 175 42 121 24 50 23 470
82 39 190 49 137 26 52 17 510
83 35 174 50 134 19 48 17 477
84 37 189 47 149 23 47 18 510
85 37 179 54 146 23 38 10 487
86 37 171 51 148 24 38 12 481
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Table11

Pooled Digtributions of Tota Employment, 1972-1986

Selected Three-Digit Industry Groups

Plants | Percent | Plants | Percent | Plants | Percent |

Employees Industry 353 Industry 356 Industry 357
<250 - - 15 0.35 - -
250-300 546 14.49 732 17.23 348 10.04
300-350 446 11.84 609 14.33 323 9.32
350-450 674 17.89 832 19.58 468 13.50
450-550 489 12.98 518 12.19 373 10.76
550-650 351 9.32 359 8.45 260 7.50
650-750 264 7.01 260 6.12 179 5.16
750-850 189 5.02 183 431 165 476
850-950 117 311 146 3.44 141 4.07
950-1,500 303 8.04 387 9.11 560 16.15
1,500-3,500 294 7.80 187 4.40 439 12.66
3,500 + 95 252 21 0.49 211 6.09
Industry 362 Industry 366 Industry 367
<250 - - - - 14 0.30
250-300 447 14.84 532 11.17 801 15.25
300-350 294 9.76 401 8.42 584 11.12
350-450 549 18.23 595 12.49 916 17.44
450-550 404 13.41 347 7.28 683 13.00
550-650 282 9.36 321 6.74 439 8.36
650-750 217 7.20 268 5.63 340 6.47
750-850 195 6.47 206 4,32 227 4,32
850-950 151 5.01 193 4.05 174 331
950-1,500 308 10.23 614 12.89 503 9.58
1,500-3,500 138 458 803 16.86 383 7.29
3,500 + 27 0.90 484 10.16 186 3.54




Pooled Digtributions of Totd Vaue of Shipments, 1972-1986
Selected Three-Digit Industry Groups

Table 12

Thousands of 1972 Dallars

76

Vaue of Plants | Percent | Plants | Percent | Plants | Percent |
Shipments Industry 353 Industry 356 Industry 357
< $10,000 652 17.30 1,131 26.62 219 6.32
$10,000-20,000 1,496 39.70 1,728 40.67 540 15.58
$20,000-30,000 596 15.82 636 14.97 383 11.05
$30,000-40,000 279 7.40 305 7.18 343 9.89
$40,000-50,000 182 4.83 184 4.33 235 6.78
$50,000- 75,000 229 6.08 169 3.98 393 11.34
$75,000-125,000 197 5.23 84 1.98 475 13.70
$125,000-175,000 53 1.41 * * 258 7.44
$175,000-225,000 20 0.53 12 0.29 146 421
$225,000 and over 64 1.70 - - 475 13.70
Industry 362 Industry 366 Industry 367
< $10,000 912 30.28 801 16.81 1,546 29.44
$10,000-20,000 1,086 36.06 1,102 23.13 1,643 31.28
$20,000-30,000 512 17.00 664 13.94 620 11.81
$30,000-40,000 223 7.40 426 8.94 322 6.13
$40,000-50,000 83 2.76 317 6.56 222 4.23
$50,000- 75,000 89 2.95 427 8.96 299 5.69
$75,000-125,000 58 1.93 411 8.63 269 5.12
$125,000-175,000 29 0.96 208 4.37 78 1.49
$175,000-225,000 * * 153 3.21 37 0.70
$225,000 and over 20 0.66 255 5.35 216 411

* Indicates Cell Pooled with Preceding Cell
- Indicates No Obsarvations in the Cdll
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Table 13

Pooled Digtributions of Tota Vaue Added, 1972-1986
Thousands of 1972 Dallars
Selected Three-Digit Industry Groups

Vdue Plants | Percent | Plants | Percent | Plants | Percent |
Added Industry 353 Industry 356 Industry 357
<$5,000 778 20.63 823 19.37 211 6.09
$5,000-10,000 1,304 34.61 1,684 39.63 527 15.20
$10,000-20,000 904 23.99 1,160 23.30 718 20.71
$20,000-30,000 322 8.55 319 7.51 439 12.66
$30,000-40,000 148 3.93 125 2.94 276 7.69
$40,000-50,000 86 2.28 54 1.27 207 5.97
$50,000-75,000 99 2.63 69 1.62 304 8.77
$75,000-100,000 46 1.22 15 0.35 196 5.65
$100,000-225,000 67 1.78 - - 346 9.98
$225,000 and over 14 0.37 - - 243 7.01
Industry 362 Industry 366 | Industry 367
<$5,000 766 25.43 573 12.03 1,003 20.81
$5,000-10,000 1,045 34.69 1,062 22.29 1,586 30.20
$10,000-20,000 801 25.59 1,203 21.47 1,186 22.58
$20,000-30,000 204 6.77 526 11.04 434 8.26
$30,000-40,000 78 2.59 358 7.51 253 4.83
$40,000-50,000 28 0.93 200 4.70 149 2.84
$50,000- 75,000 48 1.59 370 777 180 343
$75,000-100,000 21 0.70 198 416 84 1.60
$100,000-225,000 21 0.70 372 7.81 137 2.61
$225,000 and over - - 82 1.72 150 2.86

- Indicates No Obsarvations in the Cdll
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Table 14
Pooled Distributions of Tota Capita Stock, 1972-1986
Thousands of 1972 Dollars
Selected Three-Digit Industry Groups

Capita Plants | Percent | Plants | Percent | Plants | Percent
Stock Industry 353 Industry 356 Industry 357
< $2,500 112 2.97 84 1.98 139 4.01
$2,500-5,000 229 6.08 98 2.31 317 9.14

$5,000- 10,000 821  21.79 421 9.94 547 15.78
$10,000-20,000 1,016 299 1,016 24.00 767 2212
$20,000-35,000 764  20.28 957 22.60 587 16.93
$35,000-50,000 353 9.37 550 12.99 245 7.07
$50,000- 75,000 153 4.06 537 12.68 262 7.56

$75,000-100,000 107 2.84 232 5.48 141 4.07
$100,000-150,000 117 311 186 4.39 169 4.87

$150,000-250,000 72 1.91 112 2.65 133 3.84
$250,000 and over 24 0.64 41 0.97 160 4.61
Industry 362 Industry 366 Industry 367

< $2,500 36 1.20 345 7.25 90 1.72

$2,500-5,000 179 5.94 970 20.38 181 3.46
$5,000-10,000 785  26.06 1,040 21.85 704 13.45
$10,000-20,000 732 24.30 973 2045 1,115 21.29
$20,000- 35,000 574  19.06 520 10.93 681 13.01
$35,000-50,000 208 6.91 311 6.53 510 9.74
$50,000-75,000 188 6.24 275 5.78 622 11.88

$75,000-100,000 91 3.02 101 212 369 7.05
$100,000-150,000 105 3.49 135 2.84 382 7.30
$150,000-250,000 95 3.15 78 1.64 252 4.81

$250,000 and over 19 0.63 11 0.23 330 6.30
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Example from Cochran on increased efficiency in estimates of change

and percent change with repeated sampling:

Estimates for y=fy_ +(1- f )y,, where m, udenote matched and unmatched
observations respectively

r =0.7 r =0.8 r =0.9 r =0.95
h m1 | m.3 m1 [ m.3 m1 | m.3 m1 | ms
!_Perceht Gain if Efficiendy for the'Cayrent Estimate ' /. roo
2 14 10 22 14 33 19 41 22
3 16 14 30 20 52 32 67 39
4 17 15 32 24 59 40 79 52
Percent Gain in Efficiency for the Estimate of Change
2 106 153 156 233 245 399 326 565
3 113 160 170 245 277 415 365 588
4 115 160 174 251 285 424 388 603

Source: Cochran, Sampling Technigues (1977), p. 353, Table 12.5




